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BY GORDON GRIGG 
 
Cane Toads are on their way, having marched over the border from Queensland, and are now quickly spreading 
in the Northern Territory.  The Cane Toad: love it or hate it, you have to admire the biological skills of this 
invader, to expand its range at such a rate and across such a diversity of habitats.  The dry country around the 
southern Gulf was taken in its stride. 
 
Each evening during the wet season, at 14 lonely outposts in the Northern Territory, computers mounted in tall poles 
topped by solar panels listen out for frog calls that they've been trained to recognise. Every pole has its own sweaty and 
frustrating story to tell-but all worth it if we find what we're looking for. You see, Cane Toads are on their way, having 
marched over the border from Queensland, and are now quickly spreading in the Northern Territory. We hope to find out 
whether they have any impact on the native frog fauna by monitoring the frogs before and after the arrival of the toads. 
     The introduction of Cane Toads (Bufo marinus) to northern Queensland is a familiar story to most Australians. So is 
their failure to control the beetles they were brought out for, and their subsequent spread north, south and west at rates of 
around 25 kilometers a year. As such Cane Toads are bad news. Apart from their perceived ugliness, their unpopularity is 
amplified by the danger posed to children and dogs by the venom secreted from large glands behind their ears, and by 
beliefs that they have done a lot of damage to native fauna. Snakes, goannas and quolls are thought to have suffered, 
presumably from naively eating Cane Toads and dying from the poison. There are many compelling accounts of 
population declines following the arrival of the toads. The deeply entrenched abhorrence of toads extends even to an 
apparent community acceptance of driving over them, and using them for impromptu soccer matches or to practice your 
golf swing. 
 
 
 
 
 
Frank Seebacher (kneeling), Tim Jessop and Andrew Taylor install a programmed monitoring system into a pole, where it is connected to 
batteries, temperature sensors, the rain gauge and the microphone, and pulled into position by a rope over a pulley, high enough to avoid 
being flooded when the rains come. 
 
 
 
Toads are painted as villains, even to the extent that Bob Hawke made it a 1990 election promise to provide funds to 
prevent Cane Toads ever reaching Kakadu. Part of these funds were used by CSIRO to set up the now-defunct Cane Toad 
Research Advisory Committee, of which I was a member. 
But are Cane Toads really such villains? Despite substantial anecdotal information, good scientific data are  
lacking. It is technically very difficult to monitor the number of goannas, or death adders, or black snakes, or quolls, 
before and after the toads move in. Also, the data that have been collected are equivocal. Unpublished data collected by 
Bill Freeland, now with the Parks and Wildlife Commission of the Northern Territory, suggest that goanna populations 
suffer initially, but that enough individuals survive the onslaught and, in due course, the populations recover. Bill also 
tackled the question of impact on the native frogs, in the Gulf country, but was unable to find an effect. Absence of 
evidence, however, is not evidence of absence and, even if some scientists think that Cane Toads are not really a 
problem, others accept that toads will more likely turn out to be another biologically as well as aesthetically unfortunate 
and damaging import. Non-scientists, of course, have already made up their minds-they want toads out! 
Perhaps if there were really good data to show that Cane Toads are significant pests, governments would be more 
likely to provide money for their control. 
But how to get the data? This question was pondered by the Cane Toad Advisory Committee in December 1994 and 
newspaper advertisements called for research proposals with the promise of funding. As a member of that committee, I 
was prompted to revisit an idea I had a couple of years earlier. I reckoned that the overall variability of things in the wet 
dry tropics meant we would be looking for what might be a very small 'signal', caused by the arrival of the toads, in a 
very large `noise'. I already knew about this variability, from personal experience in Cape York. I recalled driving along a 
road on sequential humid evenings and seeing on one night hundreds of the large, spectacular burrowing frogs, 
Cyclorana novaehollandiae, while on the next night none. Clearly comparative surveys before and after toads could 
easily be confounded.* 
The trick would be to have a very high sampling rate, preferably daily. Field work can be good fun at first, but it soon 
becomes tedious and daily sampling in a remote area, for months at a time, is a tall order. We needed something 
automatic. What could we monitor daily and automatically? Frogs were the obvious candidates. It is easy to imagine that 
frogs might suffer when toads arrive; both eat insects and have aquatic tadpoles, so competition between toads and frogs 
is likely to occur in both the juvenile and adult stages. Also, and of great attraction for automatic monitoring, the males 
sing to attract females, with each species having a different, recognizable song. 
All we would have to do would be to set up automatic recording stations at frog ponds in front of the approaching hordes 
of hungry toads, and monitor calling activity before and after the toads arrive, and then for a few more years. Simple! I had 
put the idea hesitantly to the committee in November 1992, but soon dropped it because of the obvious practical 
difficulties: we would be forever having to change the recording tapes and, besides, the toad front was in country quite 
inaccessible in the wet season. 
But by 1994 the need for research on the impact of toads had again been recognised. Also, the toads were heading 
into more accessible country. It looked as though accessible recording sites could be placed in the western Gulf country 
between Mataranka and Roper Bar, along the (nearly) all-weather Roper Valley Highway. Furthermore, I realised that 
computer software and digital-storage technology had probably improved hopefully to a point where the recording could 
be done digitally, for long periods throughout the wet season without having to continually change tapes. Maybe the idea 
was worth resurrecting. However, the implementation of this sort of computer application was way beyond me and, with 
only a week to submit a proposal before the closing date, I needed to find an expert, quickly. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
*This problem is exemplified by a CSIRO study by Peter Catling and colleagues, funded at the same time as ours, in which abundances of various 
fauna in the Roper River area were measured, pre- and post-toads, over four five-day periods between October 1995 and May 1997. The 
researchers found "little evidence that cane toads have a significant adverse effect in the short term", although they did identify some negative 
short-tern, effects on Dingoes and beetles, and suggest an indirect long-tern, effect on the small reptile fauna (through depletion of their food 
supply). They caution, however, that "the effect of the toads might be masked by ... climatic variations". This is exactly the sort of ambiguity that 
our study seeks to avoid. Whether or not we will be successful remains to be seen. 
 
 
Maurizio Bigazzi and Les Fletcher finalise the wiring on the solar panel before the pole is lifted and bolted into position. 
 
 
 
A 'toad pole' showing its solar panel and a microphone pointed to a gravel pit (obscured by the trees) that floods in the wet. Poles along the 
Roper Valley Highway have been given nicknames, based on famous computer scientists or biologists; this one is called Church (after the 
great logician Alonzo Church). The monitoring equipment, powered by batteries, fits into a canister that hangs inside the pole. The top of 
the pole is painted black to promote a convective, cooling flow of air. 
 
 
This is the first Cane Toad the researchers saw at Roper Bar, Northern Territory, in January 1996, a couple of weeks after the first toads 
were recorded there. Graeme Watson blocks its westward journey. 
 
 
    I found one in Andrew Taylor, from the University of New South Wales School of Computer Science and 
Engineering, whose sister happened to be a friend of a friend of a friend . . . But Andrew's whereabouts were unknown. 
He was on holidays. The proposal was due in by Wednesday, one week away. Eventually, on Friday, after much 
pestering, I prised out of his departmental secretary that Andrew and his wife Monica were at Pajinka Lodge, an 
ecotourism resort at the very tip of Cape York. I left messages. On Sunday evening I was told he was out on a 
spotlighting walk and I could catch him about 10 pm. I phoned back. Could I interest him? I described the idea. There 
were long silences at his end. But then, yes, he'd done something technically similar on night-flying birds. Yes, it was 
possible, but it wouldn't be easy. Did I have recordings of all the frogs? (No, but I was sure we could get them.) Would 
we be able to find sites with mains power? (No, but I imagined we could use solar power. Lots of sunshine in the 
Territory, and didn't computers run on low-voltage DC anyway?) Yes, but what about in the wet season? Wouldn't there 
be lots of cloud? (Mmmm. Yes. But it's often clear in the mornings before the cloud builds up, except if there's a cyclone 
or something.) 
 
 
 
Les Fletcher checks a site we call Darwin (after Charles), before putting a recording system in for the 1999-2000 wet season. The bushfire 
didn't damage the solar panels, batteries, microphone nor cabling, which remain in the poles year round. Lightning is another potential 
hazard to their survival. 
 
Andrew then spelt out what could be done. The idea would not be to record all the sounds, but to `train' software to 
recognise the calls made by each of the species of frogs (`voice recognition' training), and to record only the species 
name, coded. This would be a huge saving in storage requirements. Instead of having to tape and store large amounts of 
digitally recorded sound samples, the system would identify the species calling and record just that, in brief text form. 
The system could listen for several hours every night, running on battery power, and store the data at regular intervals, 
and for months at a time. Nightly sampling times could be altered in response to hours of sunlight during each day, and 
batteries would recharge the next day. Andrew would determine sources and costings for suitable batteries, computer 
boards and ancillary hardware as soon as he got back from his holidays. When was the application due in? Bloody hell! 
“And by the way”, Andrew said, “Cane Toads have reached Cape York. We saw the first one here tonight, on our 
spotlighting walk.”* 
 
 
 
* My wife Jan and I visited Pajinka in January 1998 and were told that the quolls that used to be a real attraction, mingling with the guests nightly and 
taking kitchen scraps, had disappeared after the Cane Toads arrived. 
I still hadn't met him, but Andrew seemed to be the expert we needed. And what a rare find he has turned out to be. 
How many computer experts do you know who are specialists in computer identification of biological sounds, who can 
write computer software, and who can also diagnose and replace faulty electronic components and solder up circuitry by 
torchlight, surrounded by mozzies and squatting under a flapping tent-fly erected hastily in the face of increasing drizzle? 
And all this while still following the cricket? 
Graeme Watson, a zoologist from the University of Melbourne, joined the crew as our much-needed expert on Northern 
Territory frogs and their calls, and Hamish McCallum, down the corridor from me in Zoology at the University of 
Queensland, agreed happily to ensure we had a suitable experimental design and to undertake the analyses when (and if!) 
we got data. 
    So we had a team. The application was submitted in time and the committee, without me there, gave its approval. All 
we had to do now was do it. 
 
A trip to the study area in January 1996 helped build the collection of recordings of relevant mating calls, and we found 
froggy-looking sites for monitoring stations along the road between Mataranka and Roper Bar. Our arrival at Roper Bar 
coincided with that of the first toads. We'd have to get cracking, or the proposed study area would be inundated before we 
even got the monitoring systems in place. 
    Now Andrew had to write the software and we had to decide how best to put fragile computer equipment into a pro-
tective housing of some sort, safe from the weather and potential vandalism, with solar panels mounted suitably, and then 
build and deploy them. 
 
 
 
 
The Long-footed Frog (Cyclorana longipes), a burrowing species of the tropical woodlands of the Top End, breeds in temporary ponds. 
The prolonged nasal moan of advertising males is heard only early in the wet season on nights after heavy rainfall. 
      Thanks to Les Fletcher and Bill Stablum, stalwarts in the University of Queensland's Zoology workshop, a suitable 
system was devised. For each of the stations, the monitoring equipment, comprising two computer boards, power supply, 
pre-amplifier for the microphone etc., is mounted within a section of PVC water pipe. This metre-long canister hangs 
from a shackle attached to four 12volt batteries in a frame, and the whole assembly hangs from a pulley in the top of a 
hollow steel six-metre lighting pole. The canisters and batteries can be inserted into the poles through a panel at the 
bottom and pulled up, on a rope over the pulley, higher than the water level likely during the wet season. Solar panels are 
mounted at the top of the pole, along with temperature sensors, the microphone and a tipping-bucket rain gauge, and 
cables run within the poles to connect everything appropriately. The poles are bolted onto concrete footings and, when 
complete, look little different from any number of installations along roadsides everywhere, so they attract little attention. 
Ten of the pole stations were installed in January 1997 with a great deal of help from Les and from volunteers, 
particularly Frank Seebacher, Tim Jessop, Peter Kind, Tim Schultz, Ida and Maurizio Bigazzi and Jan Grigg. The toads 
were already well west of Roper Bar, so we had to abandon the two most easterly planned sites and replace them with 
two new sites farther west, closer to Mataranka. We spent more than a week digging holes, mixing concrete, and lifting 
and bolting the poles and their solar panels into position. Hot work. 
We hoped to catch the end of the 1996-97 wet season, and managed to get four prototype systems into the most east-
erly poles. When Tim Schultz downloaded them in May, everything had worked beautifully except for a minor glitch in 
which the frog-call identification software was not turned on. We had lovely data on temperatures, rainfall, sampling times 
and battery voltages, but no frogs! Andrew assured us it was a simple error, easily fixed, and so it proved, because we got a 
full run of data for the 1997-98 wet season, from November to May (see box). 
 
 
 
 
 
 
Andrew Taylor and Graeme Watson compare reference material with sonograms on screen from the previous night's recording session 
near Roper Bar, Northern Territory. The library of advertisement calls collected were then used to 'train' the monitoring equipment. 
 
 
 
 
 
 
 
 
 
Automatic recognition of frog calls 
The familiar frog sounds we hear on wet summer nights are the calls of male frogs, advertising for female partners. 
Typically, all the males of a frog species use the same advertisement call and this call is different from that of other frog 
species living in the same area. The calls have distinctive patterns in both frequency and time, which allow females to 
recognise the calls of their species. It also allows our computer software to identify the species of advertising male frogs. 
Shown here are spectrograms of the calls of three different frog species, each recorded from a single frog calling only 
centimetres from the microphone. These spectrograms clearly show the distinctive patterns recognised by the female frogs, 
and by our software too. 
However, frogs don't usually take it in turns to call, nor do they always 'speak clearly into the microphone', and there is 
often other background noise, like rain, wind or insects, to contend with. Thus the sound coming into our systems is a lot 
more cluttered. 
Identifying frog species under such conditions was the major challenge in developing our software. It is accomplished by 
breaking sound into brief fragments less than a tenth of a second long. Some fragments will contain parts of frog calls 
without interferences from other frogs or background noise. Although these fragments are too brief to allow identification of 
the frog species with certainty, when we combine many such fragments we can reliably identify the call as belonging to a 
particular species. 
Every ten minutes, between 8 pm and midnight, the software logs the identity of any species heard with a rough estimate 
of their abundance. Temperature and rainfall data are also logged on an hourly basis. Once we analyse all the data over 
consecutive wet seasons, we should be able to determine whether there are any changes in abundance of native frogs after 
the arrival of Cane Toads in the area. 
-Andrew Taylor University of New South Wales 
 
Giant Frogs (Cyclorana australis) in amplexus. These frogs breed at the start of the wet season in shallow, static water. 
 
 
Meanwhile, I approached Piers Barrow, Project Officer at Kakadu National Park, to see if he was interested in getting 
some baseline data there before the Cane Toads arrived, in maybe five years time. He was, so we again headed north with 
more poles, and more concreting, and installed four more recording systems, bringing the total to 14. 
After downloads in April 1999 we now have good data sets in two areas over two wet seasons. The toads have engulfed 
six out of the ten sites along the Roper Valley Highway, from the east. By the time this article is published, after the 
1999-2000 wet season, we will have enough data for serious analysis to begin. We hope to collect data for several more 
years, if we can find the money. 
 
Will cane toads reach Kakadu? You can bet on it. What biological damage will they do? No-one knows. We may 
measure what they do to the native frogs, but it will require collection of other baseline data to determine possible 
impacts on other biota. However, many people believe that just having toads in Kakadu would be damage enough, 
because they are unsightly and foreign. 
Could Cane Toads be eradicated? Probably not, except I think it would be worth spending money to try. Hand 
collection or direct killing is obviously impractical. Viruses specific to the family Bufonidae, which might be able to be 
spread through the population by an insect vector, offer a possibility. However, especially after the PR disaster with the 
Rabbit Calicivirus, community pressure may prevent the release of any virus, even for the much-maligned toads. The  
 
The Desert Tree Frog (Litoria rubella) is widespread and occurs in many arid areas. Males advertise with a harsh and rather boring 
squark, repeated endlessly. 
 
Australian Animal Health Laboratories at Geelong, in Victoria, pursued some promising lines of investigation as part of 
the CSIRO's Bufo Project, but that stopped when the funds dried up. 
The best hope is for the discovery of some sort of hi-tech magic bullet or, perhaps, some sort of control by 
pheromones. Rapid advances in biotechnology offer at least a tiny ray of hope, for this and for all our non-native pests. 
Otherwise, along with several hundred other species of deliberate but deleterious biotic imports, from grasses to vines 
and from Rabbits to Camels, we will have to be resigned to Cane Toads in Kakadu and, probably, just about 
everybloodywhere else. 
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